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| Contrel is accomplished through the inertial reference unit, _ 
the damping computer: and two rate controlled inertia Wheels 


| aligned along two of the vehicle axes. 






be Contrastor: . LAC MSD 


Se Bedy rotations of the vehicle will cause blurring of the { 
 formed:-by ground objects, Af the attitude ceatrul is tnsnf- 
fletent to permis maximm use of system resolution, “hese 
motions of the Imige may be Compensated by counter Motion o% . 
the optical carringe, ae 
‘Ve - Re Attitude Indication 


be Contractor: Lic MD : 


Ce Ag indication of the instantaneous vehicle attitude is neces. 
, Sary in-order to correlate ree:nnaissance date with geograpn- 
7. §eal locution. An indication of attitude is derived as three 
Orthogonal angles from the attitude unit. These data are Pree] . 
_ +Sented to the data transmission systex, 7 ; fF 
“ld. Other Information | | 
‘The guidance ana Control system described here £s for an ortit Stzge 
vehicle oniy and, since it is to be launched at high altitude from an 
Operational missile system, aerodynamic moments and forces are not of: | 
. primary importance. Bg RG a re oe | 


00 a 613-1 one ’ eeen one os ‘ 7 7 . ; = | Dp h 


owe mw eee. ame os Semene tite! 


‘ae 





Fy Ne a P « 





- 2 


RED PRoeeT as 
_ CONTIRUAT ON See 


$. PROJECT. Trt 








Because the proposed vehicle is short 1t 4s possinie that the struc. 
dared deflection in tight wilt pe small and, therefore, vily nee 
. ements. ; 3 Cone 


yest work on guidance and control hes been conducted at KAA, RAND axa 
nm 4a couneetion with Project Feedmect’® ie! Se eo 
- Studies under Contrast AF. 33. (616)-3105 have shown feasibility or opea- 
. ooo aad the gessesat te during ease wanng's SESriMLItY of op eS 
© boost and the feasibility of attitude control by inertia wheels fix. 


Guidance systems and attitude 
S) i and | 


_ Contro] studies rror an already initiate 
Temitications of these studies and systens leading 


continue 
(including error analyse te ot 
apres ‘to an optimization 


ae, 1. Appendix to Subsysten D, (s) soe ae oo 
2. Montiay ant Quarterly Reports of Project, Pied Piper (s) e 


| at? Deeps | 





OD . ron 3? § Previous £0 Tiong ; Vion 
| Pi Vea ee 613-7 ‘OF THi3 scam may : 


ern aren Ae 
Z cronaghene: + aa * ete : Ns 
og ; 2 ; . 
wa . . ms 
. . #3 | | = | | 


* eee: 


_ LOCKHEED AIRCRAFT CORPORATION 
(MISSILE SYSTEMS Divi SION 


. 
7 SF © me care em come 
ee 





. SD 1536 


| Clreular oxtit at at an altitute.cf 300 n. miles. At this eltituie the 
vehicle so meen ner ae 


be epproximately 255500 ft/sec (vs = Ver de. When the vehicle enters the 
orbit the error in Velocity 2 mst not exceed 30 ft/sec in mgnitude a - 


- | system end vin provide an eccentricity of. Jess than 0.002 ite, orbit = 


alti tule variations or + + 10 miles). the systen is’ compatible with Atlas 


7 cpen-leep operation: hovever, ood, when used in this vay, the performance : 


ras critically upon the. accuracy ics from the he Atlas booster 


_D-Tab 1, P 1 


id 
_ io 
4 
:4 
tI 
| 





- 
. 
. 
° 
. 
» 
. 
- 
a 
. 
. 
. 
* . 


e 
, 
| : i ' 
’ 
e+, 
7 . 
* . 
4 . ' . 
, . 
. 
j 
. 
. 
’ 
* i 
r 
| I | 
- . , 
2 
| | 
. 
a 
. 
- . . 
. 
a ate @ eo 
‘ . 





Me OR mee at ae ae, 


PRA ma ee. 


* 
* 
* 
. 
. 
. 
+ * 5 
oe z 
‘ 
 . 
= @ 
oo + 
. 
id . 
. 7. 
ae . 
fl ‘ a . 
. 
. , ae 
. . . 
. 1 ‘as * 
7 ' 
’ 
+ a 7 - 
, 
. . . 
as eo. . “ * 
- s * . 
ve 
. ° . 
- 
. fe we, . 
. + Fs . 
. 7 ‘8 
: . *“,e 
. ‘ 
. a . 
. 2 . 
= D 
. 
’ 
. > 
‘ . 
' 
ial 748 
- é 
“=? - 
o 
a 
* 4 


Td Fe OR a nee kL ea, oteqe. 


eee 





eee oh PE ee Al ee oe 


ri 


‘es, . 


. a a ae archaea ea PAVE EEG Cs BAA Nay, 






WAL ia stone ye ort PSE 


a 
. . 
° 
4 ¢ 
. 
; . 
*. 
* 
. 
* 
* 
7 . 
=. 


fa, 












suk 7s abe, 


, 
47 
. 
. 
ae, S* 
. 
. 
. 
> Be 






* 
. 
. 
> 
. 
. ‘ 
. * 
. 
< 
. 
+ 
+ e 






Cixk- 


‘ 
. 
. 
‘ 
eo. 
+ 


or 








hae eee ny 


-_ 


“- 








. » . oe ae 
. - My 38 
-* s . . 
. ° . 7 
s 
. P) . . 
- % 
, FOREWORD ; 
. 
+ ‘ e . P 
- : . . 
e 
° . 
z - 
Br = Lewes ay . 
* 
a pia hae Ss . . 
j i . R nag ir awente neve 
ey 4% Clare: x .t, bé , o See Cae 
Terns = sadist Ve ~h #-Z 








° 
« 
. 


- Cgiieee setee ree 





. 
. . 
. 
, . 7 
. 
. Fa . 
. ° ’ 
. 
‘ . 
. 
. 
« 
« * 
. e 
. "¢ 
. & 
| . , 
bs * 
. 
. 
* 
. . 
* 
4 = 7 o 
*. + 
. | . 
4 
; ao. 
. i 
L] . . 
. 
2 


- 
. 
ry . 
. 
2 . 





ey bees 8 


ey. +) be”. 


* 
En At ee 7 
. 













. . “ 
. 
a 
Pid 
. 
. 
oo 
. 
e 
« 





iad ae 






"Hee ay 


Lt Ae ty gs 


pt] Eat 













afin oT me, 


ot abet says ss 



















mA ee 


« 
7 * 
. 
. 
. 
= ~ 
ny - 
. 
. 
* 





. 
> 
s 
J 
+ 
+ 
. 
« 
. 
. 
* 


» 


ry 


00 evanem 


‘hte acoslinasasia 


sapire ts ay 


Le 


<n tA Oy te 0. 


aera 


oe ve 


. 
* 
. 
° 
. 
. 
« 
= 


- arproACH | Fy eS ge te he, 
‘The Ascent Guidance and Couto syrtee has a three phase overatins aa 


ce aca | Booster Pover 
| | ‘Poase Ii: Orbit Stee Vehicle Boost | a 
I. The Booster Vehicies. will be derived from the WS 107 (ICE) 
progren as OPE. ‘Since it is assured that these. whicles, in order te 


| meet ws 107 requirenents. will. have ‘Suidance and ‘control capability 
: compatible: with the ARS requirements, the subsysten described velov - 
. does not inclute ‘the booster guidance characteristics. | 


Using input data of altitude, velocity, and fright path crigie 


a fro: the aaa Guidance . differential corrections to a pre- | 
calculated 7 trajectory are compuzed. These corrections Provide the 
folleving inputs. to tae OSV control syeteu:, 


1. Velocity to be added ct ef apesee (¥4). ; 
‘Change in veicle attitude rogutred (59). | 
3. ‘Tine to start ensines (t, * ty). 
III, me osv flight control "ysten, souststiay | of a nicnry stable | 


| sutoptiot, eecepts these Anputs to. detendae = ntitsnuce errors, » tote] 
ue inpelse ‘to be aaded at apogee, end spprexi=te orrnin: tine. The con- 
trod system, or autopilot, obtains its reference Tron lew azirt Gyros : 
am integrating aeceleruneter 5 rountea on the thr ‘st. sxis of the vehicle, 
and a clock. It controls rocket ont “0 stavcin.; ort sins : ote, cna | 
steers the vehicle uatag ‘two hs belted co. atvol casnes. | 
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The attitude control -is cbtained from the interaction of gyro. 
“Scopic and diffdrential gravity torques acting on the vehicle. these 
“torques, although small, provide & stable attitude with the vehicle 


vector) parallel to the orbital angular velocity vector end with the 
vehicle Jong axis (axts of ‘mttamm moment of inertia). oriented paralie) : | | 


to the local gravity vector. A feedbark control aystem is employed to 
sense attitude deviations and rates and to apply counter torques end 
ee a block @iagran of the control system 18 shown in Fig. 1. 


arise in comection with. environmental control of the sensing instru. 
: nents and in obtaining reliable and Precision Operation « f instrumenta- a4 ; 


tion over the complete range of dynamic operating loads. Precision - 


Gyros, Tate gyros, and integrating accelerometers will probably . 


establish the Lint of system Performance. —_ 
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| inertial ; exddance system and computes deviations trom a Precaleulated 


trajectory. these are deviations of +s to apogee, ta, and of 
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Hom of the large engines and to ensure against "Pin-wheeling" of the osy,. 





bd. Thrust on-Ore task i ae — 
The Thrust 0n-ore system functions to initiate the osy rocket 
engines, (7.5K main engine end two 150-pound control engines} and to 


_— The thrust tnitiation signal is derived trem @ clock vhich is 
set to measure elapsed tine from booster cutoff. This initiation 


| Cycle 4s set'to initiate the control engines first before initiating — 


the 7.5K min engines with a time delay of epproximtely two seconds _ 


in order to reduce the error in thrust axis misaligament before initia. 
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unit having a pres siaion of 1 part in 1000 of fu1t scale vs; paar ee 
about 8 feet per second t the velocity error, Sauk 





a In addition, the attitude reference uit 1s employed in the : 


la the orbital phase ° of the mission, 


1s unsatisfactory, iewever, it arite rates are taken 88 proportional to. 


‘the square of acceleration, 1.e., drifts due to.antscelastic effects, 


In the letter case, a laboratory @ritt rate of shout 0.1 degree per 


Milt not permit aritt rates of 0.5 degree per hour, or even 0.1 degree ew 


Due to- the natural torques on the pitch wheel, the roll ent yew 
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In this manner a stable tne ica of attitute, free bein troublesome 


: requirenents of the Orbiting Test  Vehicre, | 


ae SST Autoptiot task, | ak | a 
: “Tarurt Will. be applied to the osy ina irection peratzes ta. 
the horironcal plans at the apogee. . This thrust will be eppiied for. 


4 ‘Gee 3 arene pice to segs an tit « mmr tacere ig made 
| to the vehicle hortenntal veloctty While no vertical velocity ‘Component. 
4s edied.- the vehicle. haading is ertablished to provide the proper | 
"value of the mexieun latitude for the. orbit.” se 


‘the Osy autopt lot Provides the dynamic, control « of + thrust ee 


tion through deflections on to. giahalled 150-pound thrust control 
engines, This contre! is repdred to maintain @ stable vehicle, attituie 


turing the osy beset. seer) Stor * this unit functions et very high | 
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Attitude control of the osy auet he oa ees Se 
ate : , must be exercised vhenever tne ... | 
So ee ver the engines 


- ee oe Sing« During the coast, or transition, phase of fieht the 


ae aa : | 
cars oo aa ee due. to separation must be Temoved and the 


syzten; the most « 7 | | 
eens the most stringent Ones arise because of the image eee 


.. S8Pilization requirements. mece are tabulated belov for an irare 
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| 2 
: | | The attitude control during coast Phase of Llight | 
7 i  plishea by torques” applied to inertia Wheels. These torques. a1. be in - 
i “respoue to to attitude and attitude rate ‘i ditt from the attitude reference 
. unis, me tatties | settlicg into the stable sttttine for orbiting will be. 
a Seconplithed by the seme means, 
—— The: ortita? attitude control system depends upon the stable 
' “ i attitude of an elongated vehicle which arises from. the torgues due to 
| : differentia) Gravity and she interaction of the vebitle orbital angular 
nonentum with a bias angular monentum Which is oriented along the vehicle 
f “Matte the torques. described Provide the orbiting Vehicle with a 
- | tmaique stable attitute the effects of external and internal disturbing 
ir j trques must be elimtrated through @ damping’ systen. This damping 
a aysten vill employ torques cmpliea through inertia wheels. ‘Since the 
} we of inertia Wheels amcunts | to traneferring the angular monentua of 
the vehicle to the vheele, this systen is subject to eavuretion as a 
I Femult of long-tera epplication of a bias torque, e:g., friction da : 
I | bearings of rotating machinery on the Yebicle. | Accordingly, provisions 
wa be made for the application of damping and ‘control torques to the 
i | vebicls from another souwres: Periodicadly, C.g., the exhaust from a chemical 
SM SAU Ge tnrtin ees ar eee 8h ee 
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the requirenets fer image motion compensation have been cited 
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